ABSTRACT: We tested the relative importance of top-down and bottom-up effects by experimentally evaluating the combined and separate effects of nutrient availability and grazer species composition on epiphyte communities and seagrass condition in Florida Bay. Although we succeeded in substantially enriching our experimental cylinders, as indicated by elevated nitrogen concentrations in epiphytes and seagrass leaves, we did not observe any major increases in epiphyte biomass or major loss of Thalassia testudinum by algal overgrowth. Additionally, we did not detect any strong grazer effects and found very few significant nutrient-grazer interactions. While this might suggest that there was no important differential response to nutrients by individual grazer species or by various combinations of grazers, our results were complicated by the lack of significant differences between control and grazer treatments, and as such, these results are best explained by the presence of unwanted amphipod grazers (mean = 471 ind. m -2 ) in the control cylinders. Our estimates of grazing rates and epiphyte productivities indicate that amphipods in the control cylinders could have lowered epiphyte biomass to the same level that the experimental grazers did, thus effectively transforming the control treatments into grazer treatments. If so, our experiments suggest that the effects of invertebrate grazing (and those of amphipods alone) were stronger than the effects of nutrient enrichment on epiphytic algae, and that it does not require a large density of grazers to control epiphyte biomass even when nutrient loading rates are substantially elevated.
INTRODUCTION
Seagrass loss in both temperate and tropical latitudes has accelerated in the recent past, with reductions nearly 10 times greater in the early 2000s than in the 1960s (Orth et al. 2006) . Waycott et al. (2009) recently estimated that global seagrass loss has been occurring at a rate of 110 km 2 yr -1 since 1980 and that the rate of seagrass loss has increased to a median of 7% yr -1 since 1990, up from a median loss rate of 0.9% yr -1 before 1940. Much of this loss can be attributed to the direct and indirect effects of anthropogenic activities (Waycott et al. 2009 ). The increasingly widespread nature of these losses, combined with the growing effects of anthropogenic activities in coastal environments, have spurred research on the processes that control the distribution and abundance of seagrasses. Traditional thought has been that bottom-up factors are of primary importance in controlling the structure of seagrass ecosystems, and this idea has been supported by numerous studies (e.g. Duarte 1995 , Hauxwell et al. 2001 ). As such, coastal nutrient enrichment has been cited as a major cause of seagrass decline, with the primary mechanism being light attenuation brought about by the stimulation of epiphytic, macroalgal, and phytoplanktonic growth (see Burkholder et al. 2007 for review).
More recently, evidence supporting top-down control has mounted, as many studies have demonstrated that grazers can have strong negative effects on macroalgae (e.g. Duffy 1990 , Duffy & Hay 2000 , Nielsen 2003 ) and phytoplankton (e.g. Officer et al. 1982 , Caraco et al. 1997 , as well as epiphytes present on seagrass blades. Early studies by Howard (1982) , van Montfrans et al. (1982) , Hootsmans & Vermaat (1985) , and Howard & Short (1986) demonstrated the ability of consumers to reduce the biomass of epiphytes present on seagrass blades and noted the potential for grazers to influence seagrass health. Later studies confirmed the ability of both vertebrate (Gacia et al. 1999 , Heck et al. 2000 and invertebrate (Philippart 1995 , Jernakoff & Nielsen 1997 , Fong et al. 2000 grazers to positively affect seagrass health by the removal of epiphytes. In their discussion of the importance of topdown forces in shallow benthic ecosystems, Heck & Valentine (2007) point out that most studies on eutrophication were performed long after the overfishing of large consumers had occurred and that the removal of these consumers 'can trigger indirect effects that result in altered species composition and abundance at several trophic levels, and can be very similar to those reported to result from eutrophication. ' Although many studies have examined the separate effects of nutrient enrichment and grazing on epiphytic algae in seagrass ecosystems, fewer have examined these 2 factors concurrently, as evidenced by the relative lack of such experiments in recent meta-data analyses by Hughes et al. (2004) and Burkepile & Hay (2006) . After finding that 'the positive effects of epiphyte grazers were comparable in magnitude to the negative impacts of water column nutrient enrichments, ' Hughes et al. (2004) emphasized the importance of the joint manipulation of nutrients and grazers in elucidating the relative roles of eutrophication and overfishing in the decline of seagrass. The importance of understanding these roles was echoed by Burkepile & Hay (2006) .
In this study, we quantified the separate and combined effects of nutrient enrichment and different combinations of epiphyte grazers on the seagrass Thalassia testudinum Banks ex König in a subtropical setting. To explore a broader range of grazing effects and to better replicate an entire assemblage of seagrass bed mesograzers, we used grazers with different morphologies and feeding styles. Specifically, we addressed the following questions: (1) Does nutrient enrichment lead to elevated epiphyte biomass on T. testudinum leaves and a subsequent decrease in T. testudinum biomass (i.e. do bottom-up effects dominate), (2) Can invertebrate grazers prevent elevated epiphyte biomass from accumulating on T. testudinum leaves as a result of nutrient enrichment, and thus lessen the negative effects of enrichment on T. testudinum meadows (i.e. do top-down effects dominate)? And if so, are certain grazers, or combinations of grazers, more effective than others?
MATERIALS AND METHODS

Study sites. Experiments were conducted in Florida
Bay, a shallow estuarine system dominated by Thalassia testudinum (turtlegrass) that separates the peninsula of Florida from the Florida Keys. Although Florida Bay is historically oligotrophic, instances of algal blooms have been observed since the late 1980s. To obtain site-season replication, experiments were performed near Bob Allen Keys in the eastern part of the bay during the spring of 2003 (25°01' 51.6" N, 80°40' 19.2"W ) and 2004 (25°01' 50.28" N, 80°41' 14.1" W) and near Peterson Key in the western part of the bay during the fall of 2003 (24°54' 48" N, 80°44' 30" W) and 2004 (24°55' 9.18" N, 80°44' 38.88" W) (Fig. 1) . The eastern sites were located in an area of Florida Bay that is severely phosphorus (P)-limited (Fourqurean & Zieman 2002 , Armitage et al. 2005 , while the western sites were located in an area that may experience both nitrogen (N)-and P-limitation (Armitage et al. 2005) .
Experimental design. We used in situ mesocosms deployed in shallow seagrass beds to allow us to measure the combined and separate effects of nutrient availability and grazer composition on epiphyte communities and seagrass condition. Both nutrients and grazers can affect seagrass growth rates and aboveand belowground biomass; however, Thalassia testudinum leaf emergence rates on short shoots (SS) are relatively slow. For example, Peterson & Fourqurean (2001) found the mean leaf emergence rate of T. testudinum in the Florida Keys to be 0.0295 ± 0.0128 leaves SS -1 d -1
. Thus, it is unlikely we would observe increases in seagrass biomass during our experiments. Nutrients can increase seagrass leaf loss rate via epiphyte shading (Philippart 1995) , leading to a decrease in aboveground seagrass biomass. It is for this reason that we used T. testudinum aboveground biomass as the response variable to assess nutrient (bottom-up) and grazer (top-down) effects on seagrass condition. Epiphyte biomass and algal pigment concentrations (epiphyte composition) were used as response variables to assess nutrient and grazer effects on epiphyte communities. T. testudinum and epiphyte C:N:P ratios were used to determine the stoichiometric response to nutrient enrichment, if in fact it occurred, during the experiments. The experiments were of a 2 × 4 factorial design (except for a 2 × The cylinders were pushed approximately 10 cm into the sediment and anchored using metal reinforcing rods and rope guidelines. The cylinders were covered with mesh tops (0.50 mm) to prevent grazers from escaping and disturbance by birds. Six small holes (5 cm diameter) spaced at regular intervals in the cylinder walls and covered with 0.50 mm mesh allowed water exchange between the cylinders and the outside environment. Cylinders were approximately threequarters submerged when deployed and likely remained so throughout most of the experiment because of the relative lack of lunar tides in central Florida Bay (Turney & Perkins 1972 , Holmquist et al. 1989 , Fourqurean & Robblee 1999 . However, changes in wind direction due to storm fronts can override lunar tides throughout Florida Bay (Fourqurean & Robblee 1999) and, therefore, the cylinders may have been periodically further exposed or submerged during the course of the experiment.
Nutrients were added to enriched treatment cylinders by suspending a perforated PVC tube filled with the controlled-release fertilizer Osmocote™. On the basis of previous Osmocote™ dissolution experiments (Heck et al. 2000 , Heck et al. 2006 , the PVC tubes were loaded with 250 g of Osmocote™ (N:P molar ratio = 19:6), which was expected to achieve nutrient concentrations that were as much as 100 times greater than ambient conditions. A study by Heck et al. (unpubl.) in Big Lagoon, Florida, showed that nutrient saturation of epiphytes and seagrass was achieved at nutrient levels that were approximately 10 times those of ambient conditions, and that there was no significant difference in the C:N:P ratios of Thalassia testudinum leaves between 10 × and 100 × treatments. For this study, the 100 × treatment was chosen to ensure maximum nutrient loading throughout the duration of the experiment and to ensure that a nutrient effect would be observed if, in fact, there was one. Ambient nutrient treatments contained similar PVC tubes without Osmocote™. Osmocote™-containing PVC tubes were replaced halfway into the experiment to ensure constant nutrient loading (see Heck et al. 2000 for Osmocote™ dissolution rates). Osmocote™ remaining in the tubes at the halfway point and at the end of the experiment was dried and weighed in order to estimate average nitrogen and phosphorus loading rates during the course of the experiment.
Several invertebrate species feed on epiphytes of Thalassia testudinum blades in Florida Bay, and we utilized 3 different types of invertebrate epiphyte grazers to better understand the effects of grazer identity on epiphyte accumulation and composition. Grazers used were based on seasonal availability and their high relative abundance in T. testudinum beds (Robblee & Daniels 2003 , Frankovich & Zieman 2005 , Gil et al. 2006 
tortugae).
Observed field densities of these grazers range from an average of 6.7 to 27.5 ind. m -2 (Frankovich & Zieman 2005) for Turbo castanea, an average of 15 to 130 ind. m -2 for Thor spp. (Robblee & Daniels 2003) , to an average of 1 to 12 ind. m -2 for Paguristes tortugae (Gil et al. 2006) . In our experiments, we used densities that were higher than these observed densities for 2 reasons: (1) to offset grazer mortality and potentially lessened effective density of grazers due to grazing on epiphytes growing on the inner surfaces of our experimental cylinders, and (2) to ensure that we would see a grazer effect if, in fact, there was one. In treatments containing gastropods alone or in combination with another grazer, 5 T. castanea (71 ind. m ) were added to treatments containing hermit crabs alone or in combination with another grazer (see Table 1 ). While we were unable to determine the reproductive status of T. castanea and P. tortugae before adding them to the cylinders, care was taken to avoid using gravid caridean shrimp in the experiments.
Four replicates of each nutrient-grazer treatment combination were randomly assigned to the experimental cylinders. An experimental duration of 4 wk was chosen on the basis of previous studies that have demonstrated that small invertebrate grazers can produce considerable changes in algal biomass in as little as 1 to 2 wk (Duffy & Hay 2000 , Ruesink 2000 , Duffy & Harvilicz 2001 ) and the relatively short lifespan (4 to 5 mo) of Thor floridanus, a large component of our caridean shrimp treatments. Additionally, we limited the experimental duration to 4 wk to lessen artifacts such as fouling and shading that grow worse the longer the cylinders are deployed. Before experimental grazers were added, all cylinders were cleared of existing grazers using a suction sampling technique that was modified from that originally used by Orth & van Montfrans (1987) .
One of the greatest potential artifacts associated with caging experiments is a change in light regime, and we evaluated the possibility of this occurring in the cylinders. During spring 2004, measurements of photosynthetically active radiation (PAR) were taken with a LI-COR 4 pi Underwater Quantum Sensor outside and inside of 10 randomly selected nutrient enriched cylinders and 10 randomly selected ambient cylinders at the end of the experiments to quantify the amount of light reduction caused by the cylinders, mesh tops, and any fouling that may have occurred during the course of the experiments.
The experimental cylinders were designed to restrict water flow to enable high nutrient loading rates, while still allowing enough water exchange to prevent anoxia within the cylinders. We quantified the relative amount of water flow restriction that occurred by measuring plaster dissolution rates (Doty 1971) . In both the spring and fall of 2004, we deployed 6 plaster balls within and 6 plaster balls outside experimental cylinders placed within the study sites. Before deployment, the initial weights of the plaster balls were taken. The plaster balls were then suspended at a depth of approximately 0.3 m on wooden dowels anchored in the sediment. In fall 2004 the plaster balls were in the water for 24 h, and in spring 2004, the plaster balls were in the water for 48 h, because of high winds that prevented us from returning to the site after 24 h. After the plaster balls were collected, they were dried in a drying oven at 80°C for 1 wk and weighed. These weights were then compared to the initial weights, and an average dissolution rate was determined.
Upon termination of the experiment, the cylinders were suction sampled for 1 min to remove experimental grazers and any other organisms that may have entered or remained in the cylinders during the course of the experiment. A core sample (area = 0.00442 m 2 ) was taken from the center of each cylinder to determine aboveground seagrass biomass. Fifteen additional seagrass shoots and their epiphytes were collected from each cylinder to be analyzed for seagrass and epiphyte C:N:P ratios, epiphyte biomass, and the relative abundance of algal pigments in the epiphytes via high performance liquid chromatography (HPLC). All samples were transported on ice to the lab and frozen. Suction samples were sorted, all experimental grazers were enumerated, and the percent recovered of the original amount added was determined (hereafter referred to as 'percent recovery'). Other potential grazers present in the samples were also counted and identified to the lowest practicable taxonomic level. This allowed us to determine the efficacy of the experimental cylinders in maintaining the grazer treatments.
To determine aboveground Thalassia testudinum biomass, shoots from core samples were rinsed to remove sediments, and the aboveground portion of the shoots was separated from the rhizomes. The shoots were then dried at 80°C for at least 24 h to determine dry weight (DW).
When measuring epiphyte biomass, composition, and C:N:P ratios, we standardized our measurements, since the amount of epiphytes per leaf can vary greatly between different leaves on a shoot. We took epiphyte samples from the oldest leaves on the shoots, because T. testudinum leaf turnover rate is quite low and we wanted to ensure that the leaves we used were present throughout the experiment and had, therefore, received the full effect of the treatments. All shoots used in the determination of epiphyte biomass, composition, and C:N:P were rinsed prior to scraping to remove any sediment. To determine epiphyte biomass, epiphytes from the oldest leaf of 5 T. testudinum shoots were removed by scraping the leaves with a razor blade. The length and width of these leaves were measured to obtain leaf surface area. These epiphytes and leaves were placed in separate pre-weighed pans and then dried at 80°C for at least 24 h to determine DW.
The oldest leaves of 5 more Thalassia testudinum shoots were scraped clean of epiphytes, and their leaf surface area was obtained. The DW of these leaves was determined, and the relative abundance of algal pigments within the scraped epiphytes was determined by HPLC, following the methods of Wright et al. (1991) . Epiphyte composition was assessed by looking at concentrations of the following pigments: fucoxanthin, zeaxanthin, chlorophyll a (chl a), and chlorophyll b (chl b). While chl a is a pigment found in many functional groups and is often used as a measure of total epiphyte abundance, fucoxanthin is indicative of diatoms, chl b is indicative of chlorophytes (Paerl et al. 2003) , and zeaxanthin is indicative of a cyanobacteria/ red algae complex (Jeffrey et al. 1997 .
To determine the C:N:P ratios of epiphytes, epiphytes were scraped from the oldest leaf of the remaining 5 Thalassia testudinum shoots, dried in an oven for 24 h at 80°C, and ground to a homogenous powder using a mortar and pestle. To determine the C:N:P ratios of T. testudinum, the youngest leaf of each shoot was scraped clean of epiphytes, placed in a pan and dried in a 80°C drying oven for 24 h, and ground to a homogenous powder using a mortar and pestle. Following the technique of Sharp (1974) , nitrogen and carbon content of the epiphytes and leaves was measured with a Costech 4010 CNS Analyzer. Phosphorus content of the epiphytes and leaves was determined using the standard wet chemical technique of Solórzano & Sharp (1980) and Fourqurean et al. (1992) .
Data from the experiments were analyzed with a 2-way Analysis of Variance (ANOVA) using SPSS 11.0.0, where the 2 fixed factors were nutrient enrichment level and grazer treatment, and nutrient × grazer was the interaction term. When necessary, data were transformed using a log10(x + 1) transformation to meet the assumptions of ANOVA. When significant differences (p ≤ 0.05) were detected and no interaction between nutrient enrichment level and grazer treatment was present, Bonferroni multiple comparison tests were performed.
RESULTS
Our original intent was to pool data from the 2 spring and the 2 fall experiments; however, a significant 'year' interaction prevented us from doing so. Thus, we discuss each of the 4 experiments separately. Although our factorial design allowed us to test both the separate and combined effects of nutrient enrichment and grazers, very few significant nutrient × grazer interactions were observed. All significant results are presented in Table 2 .
Potential caging artifacts
Post hoc analysis determined that PAR measurements outside the cylinders were significantly greater than those inside the ambient (p < 0.001) and enriched cylinders (p < 0.001), but that there was no significant difference between PAR measurements inside the ambient and enriched cylinders. The mean PAR outside the cylinders was 2727 ± 103 µE m -2 s When analyzing the suction samples, several unwanted grazers were found, including isopods, the gastropods Cerithium sp. and Modulus sp., amphipods, hermit crabs, and caridean shrimp. These grazers may have been present because they were missed during the initial suctioning of the cylinders, or because they entered the cylinders through the mesh screens as larvae. Although most unwanted grazers were present in only a few samples, and in very small numbers, hermit crabs and amphipods were found in numbers that merited attention (Table 4 ). Due to their frequent occurrence, amphipods were included as a covariate in spring 2003, fall 2003, and spring 2004 analyses, and both amphipods and hermit crabs were included as covariates in the fall 2004 analysis. The covariates were only included in the analyses of parameters in which it was possible that the grazing activities of amphipods and hermit crabs could have produced an effect (i.e. epiphyte algal pigments, epiphyte biomass, and epiphyte C:N:P). When the covariates were not significant, they were removed from the model, and ANOVAs were run without them. Unwanted hermit crabs did not have any significant effects, and amphipods produced a significant effect in only one instance: epiphyte C:N in spring 2004 (p = 0.009).
Nutrient and grazer effects
Epiphyte biomass, composition, and C:N:P There were no consistent patterns in the effects of nutrients and grazers on epiphyte biomass. While there were a few significant nutrient and grazer effects on epiphyte composition, the only consistent pattern was that chl b concentrations were greater in enriched than ambient treatments in all 3 experiments for which data exist (Fig. 2) . There was a significant nutrient × grazer interaction present in fall 2003 for chl b concentrations (Fig. 3, Table 2 ).
There were a few significant grazer effects on epiphyte C:N:P, but there were no consistent patterns in the results; however, there were several significant nutrient effects on epiphyte C:N:P. Nutrient enrichment significantly decreased epiphyte C:N in spring 2003 and fall 2004 (Fig. 4) , although there were no significant differences in epiphyte C:N between nutrient treatments in fall 2003 and spring 2004. Nutrient enrichment effects on epiphyte C:P were more consistent, with nutrient enrichment significantly decreasing epiphyte C:P in all 4 experiments (Fig. 4) Table 4 . Unwanted grazers recovered from cylinders. Tallies represent the number of cylinders the unwanted grazer was found in out of the possible number of cylinders (e.g. amphipods were found in 29 out of 31 control cylinders). Averages represent the average numbers of unwanted grazers present in the cylinders in which they were found (cylinders with 0 unwanted grazers were not included in this average) Fig. 2 . Nutrient effects on chlorophyll b concentrations (mean ± SE). Asterisks denote significant effect (#p ≤ 0.05, ##p ≤ 0.01, ###p ≤ 0.001)
Thalassia testudinum biomass and C:N:P There were no consistent patterns in the effects of nutrients and grazers on Thalassia testudinum aboveground biomass. As with epiphyte C:N:P, there were a few significant grazer effects on T. testudinum C:N:P, but no consistent patterns in the results. Nutrient enrichment had significant effects on T. testudinum C:N:P, with some patterns being clearer than others. T. testudinum C:N was significantly lower in enriched than ambient treatments in spring 2003 and spring 2004 (Fig. 6 ), but there were no significant differences between nutrient treatments in fall 2003 and fall 2004. Nutrient effects on T. testudinum C:P were more consistent, with T. testudinum C:P significantly lower in enriched than ambient treatments in spring 2003, spring 2004, and fall 2004 (but not in fall 2003) (Fig. 6) . T. testudinum N:P was the most consistent, with significantly lower values in enriched than in ambient treatments in all 4 experiments (Fig. 6, Table 2 ).
DISCUSSION
In our experiments, no major increases in epiphyte biomass occurred, and no major loss of seagrass via algal overgrowth was observed, even though our nutrient loading rates were quite high (Table 5) . Epiphyte and T. testudinum C:N, C:P, and N:P values were significantly lower in enriched than ambient treatments in a majority of the cases (Table 2) . These lower C:N and C:P ratios indicate increased N and P in plant tissues, and a lower N:P ratio indicates an increased P in the tissues relative to N, thus confirming that nutrient enrichment occurred and suggesting that P was limiting. Additionally, zeaxanthin, chl a, and chl b concentrations were significantly higher in enriched than in ambient treatments in a majority of cases (Table 2) , also indicating that elevated nutrient loading occurred in the enriched treatments. We did not, however, see differences in the relative abundance of algal pigments, and thus algal species compo- sition, with the addition of nutrients. In all experiments, chl a was the most abundant pigment in both ambient and enriched treatments, which was expected since chl a is found in virtually all algal groups. Zeaxanthin was the least abundant pigment in both ambient and enriched treatments in all experiments, indicating that the cyanobacterial dominance that often occurs during nutrient enrichment (Paerl et al. 2003 , Armitage & Fong 2004 did not occur in our experiments. Nutrient loading rates in our study ranged from 281 to 949 mmol m -2 d -1
for nitrogen and from 41 to 141 mmol m -2 d -1 for phosphorus. Our N and P loading rates are much greater than those reported for eutrophic estuaries such as Chesapeake Bay, Delaware Bay, and the Thames Estuary, as has been the case with other nutrient Heck et al. (2006) enrichment experiments (see Table 5 ). Both ambient and enriched Thalassia testudinum C:N ratios achieved in this experiment were comparable to those obtained by McGlathery (1995) and Heck et al. (2006) , and ambient and enriched N:P ratios were slightly greater than those reported by McGlathery (1995) . Ambient and enriched C:P ratios were comparable to those reported by Heck et al. (2006) and much greater than those reported by McGlathery (1995) . Both ambient and enriched C:N, C:P, and N:P values for T. testudinum leaves obtained during our experiments are within the range reported across Florida Bay by Fourqurean et al. (1992) and Armitage et al. (2005) ; however, ambient C:P and N:P were much higher than the mean T. testudinum C:P and N:P for Florida Bay, while ambient C:N was roughly equal to the mean C:N for T. testudinum in Florida Bay as reported by Fourqurean et al. (1992) . This, in combination with the fact that nutrient enrichment significantly decreased both epiphyte and T. testudinum C:P and N:P in all but 2 cases (fall 2003 T. testudinum C:P and fall 2004 epiphyte N:P), whereas epiphyte and T. testudinum C:N significantly decreased only in response to nutrient enrichment in half the cases, confirms conclusions by earlier investigators (e.g. Fourqurean & Zieman 2002 , Armitage et al. 2005 ) that P is more often limiting than N at our study sites. Trends in the effects of grazers on the measured parameters were not clear, and our experiments did not produce the strong grazer effects that have been documented in many other studies. Moreover, we found very few significant nutrient-grazer interactions. One interpretation of these results is that there may be no important differential response to nutrients by individual grazer species, and that varying species combinations of grazers did not produce differential effects. Although our study used grazers with different feeding morphologies, i.e. gastropods with less selective, rasping feeding and caridean shrimp and hermit crabs with the ability to be more selective, it is possible that these different feeding styles were equally efficient in removing epiphyte biomass, leading to no one grazer or combination of grazers having significantly different effects; however, this interpretation is complicated by the fact that epiphyte biomass in grazer treatments was not significantly different from the control treatment.
The lack of difference between the control and grazer treatments could be explained by the unwanted amphipods in 29 out of 31 control treatments, whose numbers ranged from 4 to 182 and averaged 33 per control cylinder (a density of 471 m -2 ). It is possible that grazing by the unwanted amphipods in the control cylinders lowered epiphyte biomass to the same low level that the experimental grazers did, thus effectively doing away with the control treatment and making all treatments grazer treatments. This argument is strengthened by the lack of significant effects when amphipods were included as a covariate in the statistical models. In other words, the effects on epiphyte biomass (and epiphyte algal pigment concentrations and epiphyte C:N:P) were not different from those caused by the experimental grazers. To determine if this explanation was feasible, we estimated the amount of leaf surface area in our experimental cylinders and applied epiphyte production rates and amphipod feeding rates from the literature. Using the leaf surface area measurements taken from the epiphyte biomass determinations (see 'Materials and methods' section), we calculated that the average individual leaf surface area over the 4 experiments was 9.41 cm 2 . From our measurements of Thalassia testudinum aboveground biomass (see 'Materials and methods' section), we determined that the average number of leaves per cylinder over the 4 experiments was 136 leaves cylinder -1 by taking the average number of blades per core sample and extrapolating this number to the area of the cylinder. Multiplying the average number of leaves per cylinder (136) (Gaiser 2008) . These values were then applied to our estimates of average leaf surface area cylinder -1 to obtain an average productivity of 51.19 mg periphyton cylinder -1 d -1 during spring experiments and 38.39 mg periphyton cylinder -1 d -1 during fall experiments.
To estimate feeding rates of amphipods, we averaged the feeding rates of Ampithoe longimana on various types of brown, green, and red algae in no-choice feeding experiments from Cruz-Riviera & Hay (2001) . This average was 6.25 mg wet wt ind.
-1 d -1
, and after applying a wet wt to dry wt conversion ratio of 0.22 (Leal et al. 1997) , the average feeding rate was 1.375 mg DW ind.
- . When compared to the average periphyton productivity of 51.19 mg cylinder -1 d -1 during the spring and 38.39 mg cylinder -1 d -1 during the fall, the amphipods were theoretically capable of keeping epiphyte biomass levels low during the fall experiments and were very close to doing so in the spring experiments.
Although we succeeded in enriching our experimental cylinders, we did not observe major increases in epiphyte biomass or major loss of Thalassia testudinum by algal overgrowth. Additionally, we did not see any strong grazer effects and very few significant nutrientgrazer interactions, and our results were complicated by the lack of significant differences between control and grazer treatments. If our theory that these results were caused by the presence of unwanted amphipod grazers in our experimental cylinders is true, then the effects of invertebrate grazing are stronger than the effects of nutrient enrichment on epiphytic algae, and relatively low densities of amphipod grazers can control epiphyte biomass even in the face of highly elevated nutrient loading rates. This study underscores the need for additional efforts to better elucidate the roles of different types of invertebrate grazers in the food webs of eutrophic coastal ecosystems, and to estimate the relative importance of top-down and bottom-up effects in different types of human-influenced coastal ecosystems. 
